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biomedical articles and pharmaceutical compositions 



® The invention provides a polyurethane amide segmented copolymer selected from: 

a) a segmented block polyurethane amide (PEUAm) of the following repeating unit fl] 
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wherein R is hexarnethytene, 4,4 ^iphenyirnethane. toluene, naphthalene. 4,4 K^lohexyfmethane, 
cydohexyl. 3,3 KJfmethylphenyl. 3,3 KiirnethyWiprjenylrrwtriane, 4.6'-xyrylene, 3^.5^nmethy1cycionexyt. 
2^.4^rimethyR»examethyier» or p-phenylene, 

R te selected from a Dnear or branched, unsubstftuted or substituted hydrocarbyl group, the substttuents 
being selected from halogen or hydroxy, or 

R to a bivalent Si-fRiRz) group, wherein R, and Ra are identical or Different groups selected from 
hydrogen, alkyt, a double bond-containing hydrocarbyl group, halogen, hydroxy or an aromatic ring- 
containing group, and 
m is a positive integer, 

A is a bivalent saturated or unsaturated. linear or branched, substituted or unsubstftuted hydrocarbyl group. 

the substituents being selected from halogen, hydroxy, cyano, carboxy or amino groups; or 

A is an unsubstftuted or substituted aromatic rinp^containing group, the substituents being selected from 
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halogen, hydroxy, cyano, carbaxy or amino groups, and 
n fs zero or a positive integer; 

b) a segmented block poryurethane amide of the foaowing repeating unH [H] 

o 0 0 0 

H H X Y H H 



wtterein R is hexamethytene. 4/Kfidheriytrnelhane. toluene, naphthatena. 4,4^yctohexy<me<nane > 
cyctohexyi. 3^'<iniemylprierryi. 3£^dbTietriylKip^ 4,0 -xyrytene, 3£,5-*irrx*rfylcy^^ 

2^4-trin^yH>exan>etrTytene or p-phenytene, 

r' Is selected from a linear or branched, unsubstitutod or substituted hydrocarbyl group, me substitutents 
being se l ecte d from halogen or hydroxy, or 

R' is a bfvaJenl Si^RiRa) group, vmerem R, and Ri are Identical or dmerant groups selected from 
hydrogen, afcyf, a double bond-corrtaining hydrocarbyl group, halogen, hydroxy or an ammaftc ring- 
containing group, and 
m is a positive integer and 

B and D are each a bivalent saturated or unsaturated, inear or branched, unsubstitutod or subs t ituted 
hydrocarbyl group, the substituente being selected from halogen, hydroxy, cyano, carboxy or amino groups, 
or 

B and D are each an unsubstitutod or substituted aromatic ring^xxitBinlng group, the au b st Muents being 
selected from halogen, cyano, carbaxy or amino groups wherein B and D can be me same or different, and 
a and b are identical or dffiererx and are each 0 or 1, and 

X and Y am identical or different grafted substituents, usualy bearing biornecScat relevance. 
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POLYURETHANE-BASED POLYMERIC MATERIALS AND BIOMEDICAL ARTICLES AND PHARMACEUTICAL 

COMPOSITIONS UTILIZING THE SAME 

) 

^ presort invention relates to new and useful pofyurethane-based polymeric materials, derived from 
reacting flexfcte cfiof chains wrfo dfisocyanates, and chain extending the obtained intermediate with 
carboxyfic acid-capped molecules, to methods for the preparation of such porymerfc materials and products 
such as biomedical articles derived therefrom. 
5 There is a wide variety of materials which are foreign to the human body and which are used in direct 
contact with its organs, tissues and fluids. These materials are caled Biomaterials. With the development of 
synthetic polymers, approximately one hundred years ago, physicians found available, for the first time, 
materials which were ftght. strong, relatively inert and easily fabricated, for use in a wide range of 
Dtomeojcai appacations. 

io The concept of BlocompatftMfity relates to me quality of the biological performance of biometenaJs. In 
addition to macroscopic function parameters, the interactions developed between the implanted device and 
its biological environment, play a crucial rote. It b now consensual among researchers In the Biomaterials 
field, that the term "biocompatWBty" and "biological performance" have no real meaning, unless they are 
rented to a specif ic application and a given prrysfotogicaJ environment A variety of implanted devices now 
is exists addressing needs in such diverse areas as cardiovascular surgery, cphthalmoiogy, dentistry, 
orthopedics and gynecology, each area posing Us own particular bJocompatfcWty requirements. 

SlnC8 mate ^ ate m unhrersafl y biocompatible, the quafity of their biological performance wffi depend 
on the implantation she and the specificity of the biological condition s under which they are called upon to 
perform. Nevertheless, and despite the impressive progress in Biomaterials Science, this more advanced 
so conceptual development framework Is seldom applied. Biomaterials are sttt being used, irrespective in most 
cases of the pecuJarfiy and complexities of each cKnical appflcstion. Furthermore, to date most polymeric 
biomaterials are substances that were foftiafly developed by industry for general purposes and that found 
their way Into the btomedteaJ world. 

Even though current Biomaterials have contributed stgnfficantly to modem medicine, wry a new 
25 generation of devices, based on novel, tailor-made materials, wil permit further progress. They should be 
developed on the premise that the different aspects of their intended performance - functional as we! as 
biologfcaj - must be fuBy Integrated into the design and synthesis processes. This should be achieved by 
incxirporatfng, at a molecular level, features specifically selected for arty given bfomedfoai system. 
Accordmg to the present invention there b riow provided a no^ 
oo applyfng the approach outlined above. 
Poryiiretrianes are one of 

btoclc copolymers comprise, alternatively, hard and soft segments, and exhfoft a phase segregated 
microstructure. The interest these materials have awakened stems mainly from their very good mechanical 
properties, especially tensile strength and flex fatigue (J.W. Boretos, Pure & AppL Cham. 52. 1851 (1980); 

as B.D. Ratner. in: PhysScocrtemical Aspects of Polymer Surfaces (K.L Mfttal, Ed.), Plenum Publishing Corp. 
New York, 2, 969 (1983); M. Szycher and V.L Pokier, ted. Eng. Chemn. Prod. Dev. 22, 588 (1983)) and 
their enchanced bfocompetfrirrty (DJ. Lyman, P. Albo, R. Jackson and K. Knutson, Trans. Am. Soc. kit 
Organs 23. 2S3 (1977); E.W. Merrifi. E.W. Saizman, S. Wan, N. Mahmud, L. Kushner, JM. Undon and J. 
Cumie. Trans. Am. Soc. Artif. Organs 28. 482 (1 982); E. Nyflas, J. Bfomed. Mater. Res. Symp, 3, 97 (1 972); 

40 S.R. Hanson. LA Harker, BD. Ratner and A.S. Hoffman, J. Lab. Cln. Med. 95, 1B9 (1980); J.W. Boretos, 
W.S. Pierce, R.E. Baler, AJ=. Leroy and H.J. Donachy, J. Bfomed. Mater. Res. 9, 327 (1975)). 

These polymers have been considered for various applications such as the artificial heart, arterial 
prostheses, pacemaker leads, wound dressings and catheters (J.W. Boretos. Concise Guide to Biomedical 
Poryniers, Thomas. Springfield, DRnofe (1973)); J.W. Boretos and W.S. Pierce, Science 158, 1481 (1967); T. 

45 Koffl, a Burkett and J^Feyen, Bfornat Med. Dev., Art Org. 1(4), 669 (1973); E. Nyflas, VS. Patent No. 
3£62£52; PJ. Singh and D. Lederrnan, Implantable Left Heart Assist Device, Annual Report Contract No. 
NO1-HV-02913, NHLBWTB, Bethesda, Maryland (1962). 

However, ctoe to the rather demanding and drverse requirements biomedical polymers have to compry 
with, it has long been recognized that a need exists for new elastomeric porymers, exhibiting the 

so advantageous properties of strength, flexibility and extensibility, and bfocompattoimy, as defined by any 
given, specific biomedical appkcatfon. This can be illustrated by the fact that, even though pdyurethane 
elastomers are known for their relatively satisfactory hemo-compatiWIrty. when compared to other materials, 
post-implantation anticoagulant treatments (e.g. with heparin) are mandatory. 

The chemistry involved in the synthesis vi poryurethane elastomers centers around the reactions of the 
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Isocyanate group. The electronic structure of the resortatfve forms of the bocyanate functionality, readfty 
explains its chemical activity which is rnainry due to the sensitivfty of the carbon atom toward nucteopbilc 

The insertion across the C*N bond is the most important reaction involving feocyanates (S. PataJ, The 
6 Chemistry of Cyanates and their Thio Derivatives, Parts 1 end 2. The Chemistry of Functional Groups 
Series, John WMey & Sons, New York (1869)). This is the basis of poryurethenes synthesis. The reaction 
proceeds via the attack of a nucteophfle species - the oxygen atom in the case of alcohols - at the 
eiectroohftc carbon atom in the Isocyanate group, whereby a urethane function is formed. The reaction with 
water is a special case of the same general mechanism, yielding carbon dtaxkte; this phenomenon Is 
io espectaly useful in the production of foams. When ksocyanates react with amine groups, in a reaction 
stgnfficanoy faster than the previous one due to the higher nudecphfltefty of the nitrogen atom, urea groups 
are formed. 

The methane formation reaction is largely influenced by the reaction conJUk* i& and the catalyst used. 
The insertion reaction in urethane synthesis is normally catalyzed by aJkyf tin compounds or tertiary 

rs amines, the former being more effective for producing eiastomerfc poryurethanes (SX. Reegan and K.C. 
Fnsch.Adv. Urethane Set TechnoL I.1 (1671)). Rstriermore, tin catalysts are specific toward the hydroxyl- 
isocyanate reaction, whereas tertiary amines catalyze both the rrydroxyHsocyanate as wet as tie water- 
isccyanate reactions (t-R. Brecker. Ptest Engr. 33(3), 39 (1977)). 

The two most widely used feocyanates in industrial poiyurethane synthesis are toluene d foocyanate 

20 (TDI) and methylene bis(p-phenyt isocyanate) cased also 4,4'-diphenylmethane d&socyanate (MOT). The 
tetter is not only more reactive, but also the polymers containing MDf generafty exhfcll better physical 
properties. Typical alphatic feocyanates include 1,6-bexane cSsocyanate (WX),. methylene bis(p-cycfohexy1 
isocyanate) (Hi 2 MDQ and isophorone dBsocyanate (PDQi 

Potyurethanes comprising aBphatic isocyanates possess higher hyoYotytic end thermal stabttty. but this 

25 often results in a polymer oTsptoying lower mechanical prope r ties. * 

Most commerctaly available poryurethanes comprise relatively short hydroxy! terminated pofyether or 
polyester soft segments, in the 600 to 6000 gAnoi molecular weight range. The three most important 
poryether glycols used are pofyettiylene oxide (PEO), polypropylene oxide (PPO) and rxwyfret a methyleno 
oxide (PTMO) chains, normally in the 600 to 2000 molecular weight range. The propertie s of the dWerent 

so poryurethanes w» be largely affected by the chemistry, rnorphotogy and molecular weight of the poryether 
gfycol Incorporated into the polymeric chain (K.C. Frisch, Rubber Chem. Technoi. 45. 1442 (1672)). 

When eojjimcxar quantifies of dfeocyanate and macrodtol ere reacted, a poiyurethane olspiaying very 
poor mechanical properties Is obtained. The use of a low molecular weight olhjncoonal molecule, which 
reacting with fre maCTO-dBsocyanate acts as a chain extender, produces high rrKxecutor weight 

as poryurethanes, characterized by improved mechanical properties and a two-phase mfcrostructure. 

Chain extenders can be classified into two general categories: atiphatfc and aromatic Diamines and ti» 
corresponding dtoi analogs. Since chain extending with diamines creates urea fonrtonaJRies along the 
polymeric backbone, polyurethaneurea polymers are obtained. Expectedr y , afphafic chain extenders usuaty 
yield more ftextte and softer porymers (CAt Brunette. S.L Hsu, W J. MacKnight and HJ& Schneider, 

40 Poryrn. Eng. ScL 31, 163 (1961)) due to the stiffness a ss ocia te d with the aromatic ring. Abo, the 
incorporation of aromatic chain extenders generafy results In rxiryurethane matrices com hard 
blocks volume fractions. Poryurethanes extended with diamines tend to exhibit bettor properties than the 
analog polymer, extended with a do! (CM. Brunette. SJ~ Hsu, W\J. MacKnight and MS. Schneider, Porym. 
Eng. ScL 21, 163 (1961)). ft should be stressed, however, that due to their stronger hydrogen bonds and 

45 better developed hard domains, poryurethaneuroas dissolve with difficulty in most solvents; they ere also 
more tffficut to process in the matt state. Since crystaJme hard blocks render the pcJyrner with enhanced 
physical properties, their crystaJfeabSty plays an important mis. Therefore, the abfltty of the chain extender 
to create significant hydrogen bonds, as wei as is stiffness and various spatial pa r am eters such as its 
symmetry and length, w» largely affect fte characteristics of the pofyurethane matrix generated (R Bonart 

so L MorbRzer and H. RWca, KotiokJ Z. 2. Poryrn. 240; 807 (1070)). Chain extenders commenfy used 
commericaty include butaneolol (BOO), ethylene diamine (EDA), 4,4'-metrryterie bfsgK*rforanfltoe) (MOCA), 
ethylene gfycol and hexane dot Also water is sometimes used as chain extender. 

The ratio between the macrogrycoi soft segment and the dBsocyanatefchain extender hard block can be 
varied, to generate pcJyiirettianes covering a wife 

65 Poryurethanes are commonly synthesized by the so cased •preporymer method", in which the porymer 
is formed in two stages. The first step consists of reacting the dBsocyanate and macrogrycoi, in a 2rl 
stoichiometric ratio, to produce a low molecular weight preporymer, as shown betowz 
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2 OCM-R-NCO + K-COR'^-OH 



i 



0 

m H H 



The molecular weight of this oSgomertc intermediate will vary within the 1000 to 5000 range, this being 
mairtfy determined by the tength of the soft segment 

In the next stage the propoJymer is chain extended by reacting with diamines or cfiote, and producing 
the high molecular weight polyurethane chain. This second step is illustrated for diamines, in the following 
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0 
I 

OCIHHMMMl '-(0-R • V.-0-C-H-R-NCO 
I 

H H 



0 0 0 0 

H || 1 ft 

as ■ ^^) B -C^^I-C^ 

H H H H H H 

to Alternatively, the reaction can be performed in one step, but the properties of the polymer obtained are 
sigrofteantry inferior to those of the polyurethane synthesized step by step. 

Thernioplastic elastomers are polymers characterized by rubber-Wee elasticity, even though they are not 
covatentry crossOnked (LRG. Tretoar, Rubber Chem. Techno! 47(3), 625 (1974)). These rnacromolecuies 
consist of glassy or crystalline hard blocks, dispersed in an amorphous matrix composed mainly by flexible 

45 son segments. The unique feature of these polymers is that the rnacromoiecutar chains comprise two 
segments, which are chemicaOy incompatible at service temperature. The positive heat of mixing char- 
acteristic of these segmented copolymers, is the driving force promoting phase separation processes. The 
fundamental mechanical function of the flexible segments is to provide the elastic response to the polymeric 
system. The hard blocks, on the other hand, create sites for secondary frrtermolecuiar bonding, forming 

so flene ^_^J J f BnBd : <rom a mechanlcal E** 1 * of view, the hard domains act as oiuffifurKdonat 

physical crossfnks and reinforcing filters. 

The two-phase rnicrostructure, typical of most poryurethane elastomers, is accountable for their 

kriproved mecrjarticaJ characteristics, most irnportantly, their high strength and enhanced flex-fatigue 

properties. The behavior of these matrices under mechanical stresses wiB be sigrtftcantiy influenced by the 
55 size, <xxx»ntration and internal cohesive strength of the hard chains AdoWonaJ factors are the abfflty of 

the segments to become oriented under external load and their crystaifzabilty with strain (S.L Agarwal. 

RA. Uvigni, LF. Marker and TJ. Dudek. in Block and Graft Copolymers (J J. Burke and V. Weiss, Eds.) 

Syracuse University Press. Syracuse. N.Y. 157 (1673); TJ_ Smith. Porym. Sci. Phys^ 12. 1625 (1974). 
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Among the factors influencing the extant of phase segregation in polurethane matrices, R is worth 
mentioning the abffity of the system to create irrtermolecUar hydrogen bonds, usuaty between the urethane 
functionality and the carbonyi or ether groups. The segmental molecular weight and crystaffzabflty, as wefl 
as the thermal and mechanical history of the polymer, play also an important rote. The properties of 

s poryuretharte elastomers wil be markedly affected by the structure of the dksocyanate, A* to its influence 
on the packing of the hard blocks and the strength of their irrtermotecutar as soc ia tion (FL Bonart. L 
Morbftzer and H. MuBer. J. MacromoL Set, Phys. 3(2), 237 (1073)}. 

Generaty. diamine chain extenders generate poryurethanes exhibiting better mechanical properties than 
their dtoHarrtaWng analogs. The behavior encountered has been attntxJted to the abatty of urea groups to 

to create stronger intermotecular hydrogen bonds, tearing to mutuafly insoluble soft and hard blocks, a 
phenomenon which, in turn, results in a rnicrosegregated matrix of enh an ced physical charac te rises (FL 
Bonart. L Morbftzer and H. Mutter, J. MacromoL Sci. Phys. 3(2), 237 (1873); a Bonart. J. MacromoL ScL 
Phys. 2(1), 115 (1968)). Since the chain extender can effectively interfere in the spaas! hard domains array, 
Hs symmetry wtt have a pronounced effect on the extent to which hard block crysteHzafion p rocess e s are 

T5 promoted, hindered or prevented. 

Due to freir high reactivity, many diamines are too reactive for use as chain extenders, especially under 
bufc polymerization coocfitions. In some of these systems, the reaction is too test, resulting in premature 
gelation, before appropriate mixing and homogenization of the reacting mixture is achieved. The extent to 
which the properties of the poryurethane matrix depend on even minor variations in the structure of the 

20 components, can be mustrated by the fact that even the number of carbon atoms in the chain extender 
motecute, largely affects the resulting masix. Specifically, it has been shown mat when an aaphatic diamine 
chain extender comprises an odd number of carbon atoms in the chain, improved mechank^ properfles are 
obtained (R. Bonart. L Morbftzer and H. Rinke, KoflofcJ-Z 240, 807 (1970)). A sknBar behavior was found for 
oToHzxtended poryurethanes (CM. Brunette, SJ_ Hsu. M. Rossman, WJ. Macknight and N.S. Schneider, 

26 Porym. Eng. Sci 21(11), 668 (1981); BJF. Goodrich Co., British Patent 1025870 (15.7.63)). 

Ctearfy, stiffer and more symmetric molecules, having the abffity to term strong and stable inter- 
motecular hydrogen bonds wfl perform as superior chain extenders. Their incorporation into the poryure- 
thane backbone wff result in stronger physical networks, and consequently in polymers exhtorting improved 
mechanical properties. 

so There have been various prior art suggestions for modifying poryurethanes, such as incorporating 
special soft segments such as hydroxyf-capped poryalkyts, e.g. rxxybutadtene (CM. Brunette, SJ_ Hsu, M. 
Rossman, WJ. MacKnight and N.S. Schneider, Porym. Eng. ScL 21(11), 668 (1981); K. Ono, H. SNmadu, T. 
Ntshirnuro, S. Yamashfta. H. Okamoto and Y. Minoura, J. AppL Porym. ScL 21 3223 (1077)); poryfsobutytsne 
(J. P. Dote-Robbe, But. See Ghtrn. Fr. 3, 1978 (1973)), porysaoxanes such as short pofydfawthytefloxane 

35 (P. Criaumont. a Betoert, J. Herz and P. Rernpp, Polymer 22, 663 (1961): S.W. Graham and DM. Hercutes, 
J. Btorned. Mater. ScL 15, 349 (1981)). Qer. Often. DE 2852785 and Get. Often. DE 2916545 dtectose the 
prep ar ation of anfhranttc acid esters of pctyoxyetrrylated carboxytic acid arnktes and their use as chain 
extenders fen poryurethanes. Important pc4yurethane-based pofyrners developed in recent years include the 
grafting of ptxy(amkx>amines) chains onto pcxyuethane backbones, rendering the system with enhanced 

40 blood competibflRy, due to the ability of the grafted chains to create stable complexes with heparin (R- 
BarbuccL a CassW, P. Ferruti, F. Tempesti, Surface-grafted fieperWzabte materials, Pofyrner 26, 1349- 
1352 (1965)). Abo, a new pofyurethane^containing system was produced by Barbucd and coworker s (R. 
BarbuccL P. Ferruti. A. Gross!, VV.a Lamm, Synthetic material apt to stably adsorb high quantities of 
heparin and process for the production thereof, European Patent 87100478.4) whereby oornrnercfaty 

46 avaflable poryurethanes and pory(amido-amine) chains are bonded vte hexarnethytene olsocyanate. Impor- 
tant polymeric systems exhfeitihp, enhanced henvKxx^patftxlty developed in recent years include another 
heparirfeabte poryurethane developed by M.C Tanzf and collaborators (M.C. Tanzf . M. Levi, M. Mutton! and 
a Ttoghi, New Biocompataxe Materials: Hepannizabte segmented poryurethanes, Second Iriternational 
Conference on Poryurethanes in BtornerJcal Engineering, Stuttgart June 1886). These novel copolymers 

so were srrythesized by reacting isocyafiateHerrninated rnacrodkxs with amino-terminated pory(arnioo-ernines). 
Thromboresistarit derrvatized poryurethanes were syn t he size d by Bxarhart and his group (MB. Munro. aC. 
Bsemart, NJJytaW. BJE- Brink. VYJ. Fry. ThTomboreslstenl Afcyl DerfvafJzed poryurethanes, ASAJO 6, 65- 
75 (1^83))- More recently, starter poryurethanes were prepared fofcwfng the same basic approach (T.6. 
Grasel, J A Pierce, SJ- Cooper, elects of aJkyf grafting on surface properties and blood compatftttty of 

59 poryurethane btock coporyrners, 12m Mooting of the Society for Biomateriats, Mhmeapois. 1986). 
AccorrJng to me present kiverrtkm there are rxm p 
polymeric materials, derived from reacting flexible diet chains wffl) dnsocyanates, and chain extendtog the 
obtained Intermediate wtth carboxylfc acid-capped motecutes. The invention b also directed to methods for 
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65 



the preparation of such polymeric materials and products such as biomedical articles derived ttwmfr™ 
Thus the present invention provides synthetic polymers having unique and desirable propertied lnerB,nXT1 - 
ma ^,^^ i ^f «nvenBon Provides polyurethane-based polymers from which can be 

manufactured biomedical articles such as sutures, ligatures, wound and bum dressings membra! 
s catheters, oesophageal prostheses, vascular grafts, intra-aortic balloons, pacemaker teTtmSedDn^ 
theses and Ultra-gastric balloons, possessing the desired characteristics of ftodbflftv str^nmt. 
^ :f ^stenTizab^.S«* b 

«, incorporatin 9 dfcartwxyfic adds as a new type of chain extender into the polymeric 

enhanced biocompatlbrety. The ebtHty shown by the amkte groups, produced by the reaction betweentoe 

Th^S^L^J^lTiJ?-^ h P ° lymeriC matefiaiS "bPteymg improved mechanical properties. 
The enhanced stiffness and ptenarity associated wfth the amide group, due to Its resonance stmc^end 
rs tte sequent partial double bond nature of the ON linkage Is an additional advan^geoS teaSe^^ 

^LS^^ b °" d StnJCt * e ' CfeaBn9 8 c™™*"* system wfth the amide grotps. substentfeflv 
«^ri^ to ^ cn^lalfeaWWy rt »te 

polyrner. Therefore, the polyurethene chains can serve as the basic scaffold for more complex polymeric 
systems, .ncomoratlne molecule, bearing bWogtcal relevance. Furthermore, since ^222 
s '"^^ determines the overall performance of the biomedical device, the potential for soecfUc 
si^tece-teilorlng te an addffio^ 

of the prior art. Thus. Dufded by biological criteria derived from their specific cftolcai use thesToofcmsrs 
££surfae^^ 

) ^««o^tolhepresem 

a) a segmented block potyurethane amide (PEUAm) of the following repealing unh [Q 

0 0 0 0 

-[-(R'-O) -C-N-R-M-C-(A) .-twHlJU-f 
H H H H 

vmereto R fe hexamethylene. 4.4'Kfiphenylnielliane. toluene, naphthalene. 4.4^dicvclohexvimetJia» 
^te^Tha^ 

LHLL**T? £UT whereln s"** "» am identical or different groups selected from 

bon **°«*^ hydmcamyl group, halogen, hydroxy or an aromatic ring- 
containing group, and . ^ 

m is a positive integer/ 

Ate a bivalent saturated or unsaturated, linear or branched, substituted or urisubstftuted bydrocarbyi group, 
s^sifcstfojeiiteb^ ywH 
A teen ^substituted or substnuted aromatic rir^rrtafning group, said stibstituente being selected from 
halogen, hydroxy, cyano, carboxy or amino groups, and 
n is zero or a positive integer; 

b) a segmemed block pd amide of the toflowing repeating unit [II) 
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0 0 0 0 

5 II II II ) 

H H X Y H H 

wherein R Is hexamethytene, 4^-cUpbenytmethane, toluene, naphthatene. 4,4 Kfcyctohexylmethane. 
cyctohexyt, ^'-cSmethylpheriyt. 3^'cfimethyMphehylmethane. 4,6'-xytytene, 3^^rime1hyk^ctohexyt. 
2^4-tTimothyHiexamethyien© or p-phenytene, 

R te selected from a inear or branched, urtsubstrarted or substituted hydrocarbyl group, said s u bstft u tents 
being selected from halogen or hydroxy, or 

R is a bivalent SHR1R2) group, wherein Ri and Ra are identical or dfflerent groups selected from 
hydrogen, alkyl. a double bond-containing hydrocarbyl group, halogen, hydroxy or an aromatic ring- 
containing group, and 
m is a positive integer and 

B and D are each a bivalent saturated or unsaturated, Inear or branched, imsubstituted or substituted 
hydrocarbyl group, said substituents being selected from halogen, hydroxy, cyano, carboxy or amino 
groups, or 

B and D are each an unsubstituted or substituted aromatic rfng-con t amfng group, said substituents being 
selected from halogen, cyano, carboxy or amino groups wherein B and D can be the same or cSfferent, and 
a and b are identical or different and are each O or 1, and 

X and Y are identical or different grafted substituents, usuafty bearing biomedical relevance. 

The term aromatic ring-rxxiterning group as used herein is especially directed to aryl groups such as 
phenyl and substituted phenyL \ 

The term a double bono^cwrtaining hydrocarbyf group is used to designate such groups as vinyl, aiyt, 

etc 

The segmented copolymers of this invention are obtained by reacting drverse hydroxy-ended Oexfcte 
chains, most preferably pory(afcytene glycols) of various molecular weights, with different dSsocyanates, and 
incorpor ati n g a new type of chain extenders, carboxyfic acid-capped molecules, (most preferably unsatu- 
rated dtearboxytic acids) into the polymeric backbone, to produce segmented copolymers possessing 
increased flexBrirty and strength and exhibiting enhanced bforjompetibffity. 

The polymers of mis invention are synthesized by a two-stage method, where the first step consists of 
reacting a disocyanate having the general formula: 

ONC-R-NCO , 

wherein R Is hexamethylene, 4,4'«c%>henylrnethane. toluene, naphthalene, 4,4 Kficyctobexytoiemane, 

cyctohexyt, 33'-dimethylphenyt, S^imethyWiphenylmetliane, 4^'-xyrylene. 3^^-trtrrwthykvclc^ 

2£,4^rimethyM»xameth^ or p-phenylene, or other short molecules capped by two dBsocyartata 

compounds of the above formula and a rracroglycoi, most preferably poryfalkylene glycols) of various 

molecular weights, of the formula: 

H(OR VOH 

whereto R is an aJkyfene group such as ethylene, propylene, butylene or combinations of them, in a 2rl 
stoichiometric ratio, usually in the presence of an uretharxzatton promoting catalyst such as dtoutyl 
dilaurate, to produce a low molecular weight preporymer, the molecular weight of Ms oigomenc totermeoV 
ate varies within the 1000 to 5000 range, especiaHy as a function of the length of the hydroxy-ended flextote 
chains* 

During this first step of the reaction, an ABA tribtock polymer is formed, its overati molecular weight 
being essentially toermmed by the molecular weight of the rrydroxy-capped chains. A particularly preferred 
onsocyanate is hexamethylene disocyanate (HDQ and a particularly preferred hyoVoxy-capped chain b 
pofytetrarnefrytone glycol (PTMG) preferably In the 600-2000 molecular weight range. Therefore, the 
following description and first examples, which are presented by way of Oustration, are directed prtmariy to 
the synthesis of segmented copolymers comp ris ing liexamethylerte cSsocyanate <HDQ and pory- 
tetramethylene glycol (PTMG) chains, it being understood that certain variations may apply to other 
dBsocyanates and hydroxy-capped chains encompassed by the general formula of the invention (de sc ribe d 
to less detafl in later examples) as wil be read&y apparent to those skflted in the art 

The ABA tribtock oligomer formed at the first stage of the polymerization reaction is exemptihed for 
hexamethylene disocyanate (HDI) and polytetrarnethylene glycol (PTMG) reacting in a 2:1 stottiiometric 
ratio: 
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76 



20 



2 OCIHCH 2 ) 6 -NC0 + HO-ftCH^-Oj -H 



0 o 

H H 

whereto m is a positive integer. 

Additional dteocyanates used are 4.4'^phenyimethane. toluene, naphtatene. H.4'-dicyctohexy»methane 
jjf^gy^ W^thyWphenylmethane. 4.6-xyrylene. a^^trimethytey^ohexyl.' 
W4*lmethyHwxamethytene end p-phenytene. or other short molecules capped by two^dfoocya«2!e 
compounds of the atxive formula. Additional dihydroxy compounds that can be used Include various Docy- 
(alkytene grycof) chains such as polyethylene glycol and polypropylene glycol of different molecular 
^f^^.^ 8 *^! 6 8lyCt * 1.4-butanedW; l^pentanedW; 1.6-hexredk* 1,7- 

beptanedW; 13^ctBned5ot; l^nonanedlol; I.KHtecanedW; LH^ndecanedk* 1.12Klo*c«!edtori 13- 
Wd^nedk* 1.14-tstradecanediri; 1.15-pertadecanedW; 1,164wxadecar>edJol; oxaaSphatic cfiote de- 

'?^ , /^?^" , T!? ated p0fytlimethyl sto<ane Polymers and copolymers, fluortnated poiyether glycols 
and poty(butadtene. hydroxy! terminated). wrw» 

The reaction is carried out in dry sofvents such as tetrahydrofuran or cKrrwthytformamide. 
5 -Jl?L ne 2 d Sta98, p0,ylners 01 thfe inwrtlon are obtained by chain extending the prepofymer by 
reacting the teocyanate groups of the isocyanate-terminated tribtock with a compound selected from a 
groMp consisting of carboxyHc acid-capped chain extenders. Thus e. g. the invention provides cepoiymeric 
chains, as exempffied lor HDI and PTMO. of the following repeating unit 

» 0 0 0 0 

H H H 

where the isocyanate-terminated trfbtock copolymers has been chain extended by compounds of the 
general formula, 
HOOC-(A) B -COOH 
as previously defined. 

KcarboxyBc add compounds useld in tne synthesto tf polymere by tte 
add; matonfc add; succinic add: 2.3-dimetfryisucdriic add; giutarte add; 3>dimethytglutarfc acid; adlpic 
acid; >methyladipfc add; pfmefc add; suberic add; azetaic add; sebadc add; 1,9-rwnanedicartx>xyfc: add; 
I.IOKtecsnedicaiboxyte add; 1,t1-ondecanedicartxrxy1ic add; t.12-dodecanedrcaitx>xylc add- 1 13^ 
b ^!^!l fc ^ ratyfc 8Cid: 1 . 14 ^etrerJerariedteirboocyfc add; I.IS^jentadecanedicartxKylic add; 1.16-hex- 
adecanedicarboxylic acid; matefc acid; trans-beta-rrydromucodc acid: fumaric add; diglycoBc add- 33'- 
wcydiproplonic add; 4,4 -oxydibutfrfc add; 5.6'-oxydfvalerlc add; C^oxydfeaproic acid; w'-coytScaprifc 
add; fraxaundecanofc acid; S-axaazetofc add; S-oxasebadc add; S-oxaundecanote acid; fraxadodecanofc "' 
add; 5,oxatetradecanenoic add; 5-oxahexadecanolc acid; 6-oxadodecanedioic add; 6-cwatridecanedwfc 
add; 6-oxapentadecanedWc add; 6-oxafieptedecanedfotc add; 7-oxapemadecanedioic add; 1fXw- 
anonadecanedioic add and other oxa-aBphatic dlcarbcocylc adds; phtafc add; Isophtalc add; terphthalc 
and other aromatic dTcartxzxySc adds; 1^<yciobu1anedfcarboxyic acid; 1,4-cydotaxanedJcarboxyBc acid- 
Pdy(butadiene, carboxyl terminated), pory(oxya)lcylene, cartxwyl terminated); carbcocy-ended porytfirnethyt 
sitaxane polymers and copolymers and hatogen. hydroxy, ammo or cyanoconteining dicarboxyHc adds. 

Thus in a first asped of the present invention there is now provided bfomedfcai articles comprised of: 
a segmented block polyurethene amide (PEUAm) oi the following repeating unit [I] 
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, 8 8 i I, 

Ah h h 

wherein R is bexamethytene. 4,4'-<fiphenylmethane ( toluene, naphthalene. 4^KJk^ctohexyknethane. 
cyctohexyi, 3^'-<fimelhyiphenyi, 3^VrmethyMphenylmethane, 4,6'-xyrytene, 3^^trnnethyk^ohexyt 
2^4-trknethyt-hexamethylene or p-pnenytene, 

r' is selected from a linear or branched, unsubstituted or substituted hydrocartryi group, said substi tu ents 
being selected from halogen or hydroxy, or 

R is a bivalent SHRiFfe) group, wherein Ri and Ra are identical or different groups selected from 
hydrogen, akyt, a double booo^xjrrtairiing hydrocarbyl group, halogen, hydroxy or an aromatic ring- 
containing group, and m is a positive integer, 

A Is a bivalent saturated or unsaturated, linear or branched, substituted or unsubstituted hydrocarbyl group, 

said subsfituents being selected from halogen, hydroxy, cyano, carboxy or amino groups; or 

A is an unsubstituted or substituted aromatic rino-crjntatoing group, said substituents being selected from 

ratogen, hydroxy, cyano, carboxy or amino groups, and 

n Is zero or a positive integer. 

In another preferred aspect of the present invention there is provided a polyurethane amWe segmented 
copolymer useful tor the rnanutacture of biomedical articles, having a general repeating unit \U] 
a segmented block poJyuretiiane of the following repeating unft PQ 




wherein R is hexamethylene, 4,4'<Kpherryfmethane, toluene, naphthalene, 4,4'KJk^ckxiexytrnethane, 
c^ctohexyt. 3^'Kfirriethytphenyf. 3^'^metrryWir^enytrnetr^ 4,6-xytylene. a^tnrnethylcyclohexyl. 
2^4-trirnethyt-bexamethylene or p-pbenytene, 

R b selected from a linear or branched, unsubstituted or substituted hydrocarbyl group, said substitutents 
being selected from halogen or hydroxy, or 

R is a bivalent SHR1R2) group, wherein Ri and R* are Identical or dKferent groups selected from 
hydrogen, alkyf. a double bcTKKxxrtalning hydrocarbyl group, halogen, hydroxy or an aromatic ring- 
containing group, and 
m Is a positive integer and 

B and D are each a bivalent saturated or unsaturated, Inear or branched, unsubstituted or substituted 
hydrocarbyl group, said substituents being selected from halogen, hydroxy, cyano, carboxy or amino 

BandD are each an unsubstituted or substituted aromatic ring-containing group, said s u bstit u en ts being 
selected from halogen, cyano, carboxy or amino groups wherein B and D can be the same or different, and 
a and b are identical or dmerent and are each 0 or 1, and 

X and Y are identical or different grafted substftuerrts. usuafty bearing biomedical relevance. 

In the above poryurethane amide segmented copolymers, X and Y may be the same or afferent and 
each b a monomer selected from 2-bydroxyetbyf methacryfate, acryfc acid, acrytamida. methyl 
methacrytate. rjentaftxxebutyt acrylate, pentamethyf dlsilaxarryimetriyl methacrytate or ecrytonftrfte or X and 
Y are the same or dmerent and each te a poryethytone glycol chain which prevents Irreversible protein 
adsorption on surfaces, or X and Y are the same or drfferent and each b a rx^amkJo-amine) chain which 
renders the system with enhanced blood comoetibflrty due to its abflfty to form stable comptexes wtth 
heparin or X and Y are the same or Afferent and each b a Cit or Cn afcyt chain, the resulting surface 
being characterized by selective albumin affinity. 

to preferred embodiments of the present invention X and Y are the same or different and each b 
selected from pory(24iydroxyethyt methacrytate) chains, pofyacryiamide chains, porymethyf methacrytate 
chains, poryacryftc acid chains, po»y(perfkK>roaJkyl methacrytate) chains. poly(pem^rnethyf dteBoxanytmethyl 
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rneiriacrylate) chains, amino-termtoated polyethylene oxide chains, hexadecane or octadecane chains. 
poly)amfdo-amine) chains or from biodegradable chains selected from poiygfycofc add, rxxyactic acid or 
polyethylene glycol/^lactic acid block copolymers. 



h these preferred embodiments the grafted chains perform as spacers for binding btotogfcafty active 
motecutes selected from enzymes, antibiotics and antMhrombogenic agents, onto the surface and/or bulk of 
the polymeric system. Thus in preferred embodiments of the present invention X and Y are the same or 
drHerent and each is a biodegradabry porygrycoBc acid, poiylactic acid or poryethylene giycol^orylactic acid 
btock coporymer, temporarily bound to a biologicaDy active molecule selected from an enzyme, antibiotic, 
hormone, or antMhrombogenic agent whereby the system performs as a controlled delivery system. 

The polyurethanes of formula [II] comprise unsaturated chain extenders of the oenerai formula ntn 
HOOC^^^CHHDyXXW III * 

wherein B and D are each an unsubstftuted or substituted aromatic ring-containing group, said subsffluents 
being selected from halogen, cyano, carboxy or ammo groups wherein B and D can be the same or 
different, end 

a and b are identical or cfifterert and are each 0 or 1. 

Tne molecules grafted onto the active double bond introduced Into the poryurethene backbone via the 
incorporation of an unsaturated dk*rboxyBc acid, such as mateic acid or fumaric acid, differ substanttely as 
a function of the specific cfinfca! appfcation of the polymeric system. 

Various reactions were used to cterfvatize the basic poryurethene matrices. Preferred examples of these 
reactions are the following: 

fl) grafting of active monomers onto the double bond, via a conventional addition polymerization mecha- 
nism, and (2) nucfeophiOc attack of appropriate agents (e.g. amines) on MfchaeHype substrates, such as 
the poryurethene otefirrfc double bond, which Is conjugated with, and activated by electronegative unsatu- 
rated rnofttes. The cferrvatization of the polymeric matrix can be exernpBfled by the grafting of 2- 
hydroxyethyl methacrytate (HEMA) for the first type of reaction, and by the addition of arnirib4ermSnated 
poryettrytene oxide chains, for toe second type of reaction. Clearly, these reactions may result not only to 
grafting pendant groups onto the backbone, but also crossRnked matrices may be generated. Whether a 
thermoplastic or a thermoset system is obtained, wifl depend on the functionality, the molecular weight and 
the flexi bility of to e grafting molecule, as wefl as on several experimental parameters. Further examples of 
the o^rivatizatton of the system, useful In the invention may advantageously comprise, among others, 
epoxydation, hydroylatfon and hatogenation reactions. 

As indicated hereinbefore the polymers of the invention find advantageous utiftty in the manufacture of 
biomedical articles and pfiarmaceutfcaf compositions as is known in the art of polymers in Mvfng systems. 
Thus, toe present invention also provides biomedical articles including a suture or figature, particularly in 
the form of flexible nrx>ncfilamerrts, a suture in the form of a needle and a suture combination, a surgical cfp 
or staple, a surgical prosthesis, a vascular graft, wound and bum coverings, mernbranes. catheters, 
oesophageal prostheses, krtra-aortic baJoons. pacemaker leads, tracheal prostheses and krtra-gastric bal- 
loons, textile structures, couplings, tubes, supports, pins, screws or other forms of support Yet further 
objects* this invention include a self-supporting film, hollow tube, beads or gel. containing a uniformly 
Cfi8per ^ 8d d"* controlled continuous administration, manufactured from pofyrners of the present 
invention. 

The polymeric materials of this invention can be fabricated Into Urns and fibers by melt extrusion. The 
polymers of the present invention are also useful to the manufacture of cast endfcr extruded films and 
molded solid surgical aids and biomedical devices. The polymers are melt extruded through a spinneret in 
a conventional manner to for one or more filaments which are subsequently drawn about three to six times 
in order to achieve molecular orientation and Improve tensile properties. The resulting oriented filaments 
have good tensile and dry knot strength and good in vrvo strength retention. To further improve cfimensional 
stabBity and tensile strength retention, the oriented filaments may be subjected to an annealing treatment 
by heating them at various temperatures for different time periods, white preventing toe filaments from 
measurable shrinking. 

Fabrics comprising porymeric materials of this invention, alone or in combination with other polymers, 
have been developed by textile and norHextfte techniques. Multicomponent fabrics, woven, knitted, felted, 
actoesfvefy united or otherwise, comprising at least two drnerent polymers, at feast one of them according to 
the present invention, were prepared. Also fabric tubes having separate strands of bfcxxnponent materials or 
strands of two separate components, wherein at least one is according to the invention, were produced. A 
coated fabric, comprising a substantially continuous sheet of a second material or materials was prepared 
by hot melt coating. A coating from a solvent system or with coating rolls; the base fabric of which may be 
wholly rrcrvabsorbable although it may contain an absorbable component were rxoduced. 
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White the invention w9 now be described In connection with certain preferred embooVnents in the 
f cJlowtng examples so that fa s^ fec b thereof may be more fuRy understood and appreciated, ft Is not intended 
to Rmft the invention to these particular embod h n e nl a. On the contrary, it is intended to cover aft 
alternatives, modifications and equivalents as may be included within the scope of the invention as deined 
5 . by the appended claims. Thus, the following examples which include preferred embodwnents w9 serve to 
illustrate the practice of this invention* it being understood that the particulars shown are by way of example 
and for purposes of Oustrative di scussion of preferred embodiments of the present Invention only and are 
presented in the cause of providing what is boSovod to be the most useful and. readBy understood 
description of formulation procedures as wet as of the principles and conceptual aspects of the invention. 



Example 1: Preparation of PEUAm comprising HDI/FTMG20TOfaxaic acid 

The segmented, polyiirethane amide is synthesized by the so-called "preoorymer method", in which the 
75 polymer is formed in two stages. The first step consists of reacting hexamethytene dfoocyenate (HDQ and 
porytetramethytene oxide (PTMO). in a 2:1 stoichiometric ratio, to produce a low molecular weight 
preporymer. In the next step this ofigomeric intermediate is chain extended by reacting wflh tie oxalc acid 

1.68 gr HDI (10 mmote) were placed In a 500 ml three-necked flask fitted with a mect*nfcai stirrer and 
20 a nitrogen flow inlet, together wfth 100 ml tetrahydrofuran (THF) and 02 gr dtoutyttn d&wrate (DBTDL). The 
system was flushed with dry nitrogen and heated up to 70*C. 10 gr PTMO $ mmote) (MW«2000) were 
added dropwtse during 40 minutes* the reaction being continued for aoVStioneJ 40 minutes. 0.46 gr oxafic 
add (5 mmote) and 02 gr DBTDL were dissolved in 75 ml THF, and added dr opw is e to the preoorymer 
solution during 40 minutes, and the reaction was continued for additional 40 minutes. Hnafiy the polymer 
as was obtained by precipitating it in soft cold water white stirring. After repeated rinsing to water, and 
thorough drying at 50^C under vacuum* the polymer was obtained in the form of white and soft flakes 



Example Z Preparation of PEUAm comprising HDi/PT^G200t)roTatonlc acid 

» 

The procedure of example 1 was followed using 0.52 gr (5 mmote) meionfc add, to obtain toe titie 
compound. 

as Example 3: Preparation of PEUAm comprising HPI/PT^Q20007succ8nic add 

The procedure of example 1 was followed using 0.59 gr (5 mmote) succinic acid, to obtain the title 



Example 4: Preparation of PEUAm comprising HPlffnT^G20()Q^lutanc add 

The procedure of example 1 was followed using 0j86 gr (5 mmote) glutaric acid, to obtain the title 
compound. 



Example & Preparation of PEUAm comprising HPI/PTMQ2000fadlpic acid 

The procedure of example 1 was followed using 0-73 gr (5 mmote) atfipfc add, to obtain the title 



Example 6: Preparation of PEUAm comprising HDl/PTM62000ypmiefc: add 

The procedure of example 1 was followed using 0.80 gr (5 mmote) plmetic acid to obtain the title 
compound* 
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Example 7: Preparation of PEUAm comprising HDI/PTMG20uWseb8€fc add 

The procedure of example 1 was followed using 1.01 gr (5 romote) sebecic acid, to obtain the tide 



6 



Example 8: Preparation of PEUAm comprising mvPTMG2tW0/nwktic add 

The procedure of example 1 was followed using 0.58 gr (5 mmote) matetc add, to obtain the title 
to compound. 

Example fc Preparation of poly(amfdo>arnine)-grafled PEUAm comprising HDI/PTMG200^rnatete add 

16 ^ 1 ^^ C8dure 01 exan, P* e 1 followed using 0.58 gr (Smmote) maJelc acid, to obtain the basic 
polyuretnene backbone. Then. 2 grams PEUAm were placed In a 125 ml flask fitted with a magnetic saner 
to G° tner wHh 20 ml tetrahydrofuran (THF). The mixture was stirred for 24 hours, untfl the polymer was 
completely dissolved, and a clear and homogeneous solution was obtained. 1.6 mmote poly(arrfdo-an*)e> 
and 10 ml methanol were added to the porymer solution, and the addition reaction was conducted with 

20 corrbnuous stirring, for 24 hours at room temperature. Next, the grafted polymer was castod on a 'glass 
p^. end the solvent was allowed to slowly evaporate at room ternperature. Then, the pc^ymeric film was 
repeatedly rinsed in water arxf final 

-r^T 6 propertfe5 * copolymers produced according to the above examples, are set forth In 

Table I 

* i 

B^pte 10: Preparation of pory(amido-amlne) surface grafted on PEUAm compri sng HDI/PTMG2000 
maJeic acid — ^ — — — — ■ 

» Thej procedure of example 1 was followed using 058 gr (5 mmote) matefc acid, to obtain the basic 
pojywettwie backbone. Samples (20 mm x 10 mm x 0.26 mm) were cut from films casted from 10% 
porymer solutions in THF. and immersed In a water-memanol (2:1 ). 0.3% weight solution of the pory(arnioo- 
amtee). The reaction was conducted at 45 °C for 24 hours, when maximum addition to the double bond was 
atoned. Then, the polymeric fHm was repeatedly raised In water and finally dried at 50 X under vacuum 

» untfl constant weight was obtained. ^ 

Bampje 11: Prgrarggon of p(HEMA)-grafted PEUAm comprising HDI^ni4Q2«)0ftr>alete acid 

0 The » procedure of example 1 was followed using 058 gr (5 mmote) matefc acid, to obtain the basic 
polyuethene backbone. Then, 2.45 grams PEUAm were placed In a flask together with 250 ml 
tetrahydrofuran (THF). The mixture was stirred for 24 hours, untfl the porymer was completely dissolved 
and a clear and homogeneous solution was obtained. 1.6 mmote 2-bydraxyethyf methacrytate contateing 
1% weight bezoyi peroxide as the Initiator of the free radical additional mechanism, were added to the 

1 porymer solution, and the reaction was conducted for 24 hours at 68 °C. Next, the grafted porymer was 

I? 838 Pk*' 80(1 was allowed to stowfy evaporate at room temperature. Then, the 

polymeric film was repeatedly rinsed in acetone and finally dried at 50 °C under vacuum, unfit constant . 
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Table I 
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Properties of PEUAm comprising 


HDVPTMQ2000WcartXK^ 


Cartxscyfc 
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Oxate 
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26.0 
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281 


Sebacfc 


-76 


12J) 


280 



50 



Solvent cast films were prepared and standard strips for tensBe testing were P^pared. The mechanical 
analysis of the pofyurethane amide segmented copolymers developed revealed highly flexible materfefc. 

R wfli be evWent to those skflted in the art that the invention is not fimfted to the detate of ttie foregoing 
Illustrative examples and that the present Invention may be embodted in other specific forms wrmout 
departing from the essential attrtoutes thereof, and it Is therefore desired that the present embociments and 
examples be considered in a* respects as fflustrative and not restrictive, reference being made to the 
appended claims, rather than to the foregoing oescription, and all changes which come within the meaning 
and range of equivalency of the claims are therefore Intencted to be embraced f 



1, A poJyurethane amide segmented copolymer selected from: 
a) a segmented block polyurethane amide (PEUAm) of the following repeating unit PI 

0 0 0 0 

II II II II , 



H H H 



whereto R is hexamethyiene, 4 A -olptenyimethane. toluene, naphthalene, 4,4 -olcyclohexylmethane. 
cyclohexyl. w'-olmethyipheriyl, 3^'<Brriemyl-c3phenyfcrT>etha^ 4jB -xytytene, S^^trimemyicyciohexyl. 
2£44rimethy1-heocame 

R is selected from a linear or branched, unsubstituted or substituted hydrocarbyi group, said subsfttuents 
being selected from halogen or hydroxy, or 

r' b a bivalent SHR1R2) group, wherein Rt and R2 are Identical or dmerent groups selected from 
hydrogen, akyl. a double boncK»ntalning hydrocarbyi group, hsjogen, hydroxy or an aromatic ring- 
containing group; and 
m is a positive integer. 

Aba bivalent saturated or unsaturated, linear or branched, substituted or unsubstituted hyoVocarbyt group. 

said subsftuents being selected from halogen, hydroxy, cyano, carboxy or amino groups; or 

A b an unsubstituted or substituted aromatic rtng-co nt ainin g group, said subsffiuents being selected torn 

halogen, rrydroxy. cyano, carboxy or amino groupe, and 

n b zero or a positive integer; 

b) a segmented block pofyurethane emide of the following repeating unit [UJ 
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5 H H X Y H H 

wherein R is riexamethytene, 4,4'<fipbenytmethane, toluene, naphthalene, 4/-o1cycloheo(y)me1hafie t 
cyctohexyt 3,3 -dfrnethylphenyl, 3^<BmethyNfiphenylmethane. 4,B'-xyJytene. 3^^rimethyk^clohexyt. 
io 2^4^rime^yHiexamethytene or p-phenytene, 

R' is selected from a linear or branched, unsubstituted or substituted hydrocarbyl group, said substitutents 
being selected from halogen or hydroxy, or 

R' Is a bivalent SKR1R2) group, wherein Rt and Ra are fctemicai or different groups selected from 
hydrogen, aficyl, a double bond-containing hydrocarbyl group, halogen, hydroxy or an aromatic ring- 
75 containing group, and 
m is a posftive integer and 

B and D are each a bivalent, saturated or unsaturated, linear or branched, unsubstituted or substituted 
hydrocarbyl group, said substftuents being selected from halogen, hydroxy, cyano, carboxy or amino 
groups, or 

20 B and D are each an unsubstituted or substituted aromatic ring-containing group, said substftuents being 
selected from halogen, cyano, carboxy or amino groups wherein B and D can be the same or dhlerent. and 
a and b are identical or afferent and are each 0 or Land 

X and Y are identical or different grafted substftuents, usuaBy bearing biomedical relevance. 

2. A pofyurethane amide segmented copolymer useful for the manufacture of biomedical articles, 
25 having a genera) repeating unit DJ ; 

JO 0 0 

* * a, -WWA) B -^^ 

R H H H 

wherein R Is hexarnethyiene, 4,4'jdJphenytmethane, toluene, naphthalene, 4,4'-dk*ctoriexylmethaw, 
s cyctohexyl, 3,3 -dimethytphenyf, 33 # -dimethy Wphenylmethane, 43 -xytytene. 3,5,5-trfmemyicycloriexyt, 
2^AfrimethyHiexamethylene or p-phenytene, 

R is selected from a Rnear or branched, unsubstituted or substituted hydrocarbyl group, said substftuents 
being selected from halogen or hydroxy, or 

R is a bivalent SHR1R2) group, wherein Ri and R* are identical or different groups selected from 
9 hydrogen, aflcyi, a double bond-containing hydrocarbyl group, halogen, hydroxy or an aromatic ring- 
containing group, and 
m is a positive integer, 

A is a brvatent saturated or unsaturated, Rnear or branched, substituted or unsubstituted hydrocarbyl group, 

said substftuents being selected from halogen, hydroxy, (^ano, carboxy or amino groups, or 
5 A Is an unsubstituted or substituted aromatic rlnorcontaining group, said substftuents being selected from 

halogen, hydroxy, cyano, carboxy or amino groups, and 

n is zero or a posftive integer. 

a A poiyurethane amide segmented copolymer useful for the manufacture of biomedical articles, 

having a general repeating unit [11] 
► b) a se^nemed Wock poryurethane of the following repeating unit [U] 



II I 0 0 

H H X Y H H 
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wherein R is bexarnethytene, 4,4 Vipterryfmethane, toluene, n a pht ha lene, 4,4'-dk*ck)hexy1methane, 
cyciohexyi. 3^-dimethylphenyl, S^'-dmiethyHfiphenylmethane. 45-xytytene. 3^3-trimethyteyciohexyl. 
2^,4-timethyi-hexarnethytene or p-phenytene, 

R is selected from a Knear or branched. unsubsMuted or substituted hydrocarbyi group, said substitute*** 
6 being selected from halogen or hydroxy, or 

r' b e bivalent SHR1R2) group, wherein Ri and Rz are identical or different groups selected from 
hydrogen, akyt, a double bon*corrtainlng hydrocarbyi group, halogen, hydroxy or an aromatic ring- 
containing group, and 
m is a positive integer and 

tp B and D are each a bivalent, satura te d or unsaturated, linear or branched, unsubstraited or substituted 
h ydro carbyi group, said substftuents being selected from halogen, hydroxy, cyan©, carboxy or amino 
groups, or 

B and D are each an unsubstftuted or substituted aromatic ring-corrteining group, said subsfituents being 

selected from halogen, cyano. carboxy or amino groups wherein B and O can be the same or dHterent, and 
rs a and b are identical or drfferent and are each 0 or 1, and 

X and Y are identical or drftererrt grafted substftuents, usuaty bearing btomerJcal relevance. 

4. A pofyurethane amide segmented copolymer as claimed in cfcwn 1 wherein X and Y are the same or 

different and each is a monomer selected from 2-hydroxyethyl methacrytate, acryfc acid, acrylarnida, 

methyl methacrytate, pentaftuorobutyl acrytate, pentamethyl dteDoxariylmethyi methacrytata or acrytonitnla. 
20 5. A poryurethane amide segmented copolymer as claimed In claim 1 wherein X and Y are the same or 

different and each is a rxxyethytene glycol chain which prevents friev o rsfc te protein adsorption on surfaces, 
6. A poryurethane amide segmented copolymer as claimed in claim 1 wherein X and Y are the same or 

different and each is a pory(amkx>arnine) chain which renders the system wfth en ha nced Wood compatible 

. » « . f» . _L, *Ttt» . I n t,|_|_.j L M |n|-|lri - w Ii»ma n Jill l>nn^Lt 

rty due to Its atMBty to torm 8100*3 complexes wnn neparn. 
25 7. A poryurethane amide segmented copolymer as claimed in data) 1 wherein X and Y are the same or 
different and each is a Cic or di aikyi chain, the resulting surface being characterized by seiecive 
albumin affinity. 

8. A poryurethane amide segmented copolymer as claimed in claim 2 where R is selected from 
hexarnethylene. 4,4'-rtpherr y lmethane or 4,4*KHcydohexytrnetr>anB. 
so 9. A pofyurethane amide segmented copolymer as claimed in claim 2 where R is selected from 
butylene, ethylene, propylene, a SHCHsfe group, pertuorobutytene, porybutadiene or poryisobutytene. 

10. A pofyurethane amide segmented copolymer as claimed in claim 2 where the chain extender is 
selected from oxafic add. succinic acid, arjpic acid, suberic acid, sebacfc acid, malefc add, fumaric add, 
terephthatic acid, or trans-beta^iydrcrntxxntc add. 
35 11. A poryurethane amide segmented copolymer as claimed in claim 3 where R is selected from 
hexarnethylene, 4,4 -<fiphenylmethane or 4,4 -dJcyclohexy ■ 1 tethane. 

12. A poryurethane amide segmented copolymer as claimed In dalm 3 where R # to butylene, ethylene, 
propylene, SHpHfc, perflurobutytene, porybutadiene, poryisobutytene. 

13. A pofyurethane- amide segmented copolymer as claimed in dalm 3 where the chain extender Is 
40 selected from maleic add. fumaric acid or trans-beta-hydromuconic add. . 

14. A pofyurethane amide segmented copolymer as claimed in claim 3 where X and Y are the same or 
different and each is selected from pofy(2-hydroxyethyl methacrytate) chains, pofyacrylamide chains, 
pofymethyl methacrylate chains, poryacryic acid chains, pofy<perfiuoroaacyf methacrytate) chains, poty- 
(perrtamethyf dlsDoxanyknethyi methacrylate) chains, amino-terminated pory ethylene oxide chains, hex- 

4$ adecane or cctadecane chains. pory)amido-amine) chains or from biodegradable chains selected from 
polygtycotic acid. polyactfc acid or polyethylene a^ycot/feofytartte acid block coporymers. 

15. A pofyurethane amide segmented copolymer as claimed in dalm 14 where the grafted chains 
perform as spacers for binding bidogfcaly active molecules selected from enzymes, antibiotics and ant> 
thrombogenfc agents, onto the surface andtor butic of the polymeri c system, 

so 16. A pofyurethane amide segmented copolymer as claimed in daam 3 wherein X and Y are tie same 
or different and each is a Wodegradabfy porygfycoic acid, pofytactic add or polyethylene p^ycotyofyfactic 
acid block copofyrner, temporariy bound to a biokxjicaMy active molecule selected from an enzyme, 
antibiotic, hormone, or antHhrombogenic agent whereby the system performs as a controied deftvery 
system. 

55 17. A pofyurethane amide segmented copolymer as claimed In ctavn 1 wherein said copolymer is in the 
form of at least one fBament 

18. A biomedical article selected from the group consisting of a suture. Bgature, needle and suture 
combination, surgical prosthesis, film, membrane. textBe structure, wound and bum dressing, coupling, tube. 
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carter, a vascular graft, oesophageal prosthesis, imra-acrtic baDooo. pacemaker lead, tracheal prosthesis 
physcal or biotogical support, screw or pin, where at least one of the components of each of said erttete* t,' 
a polymer as claimed In cWm 1. w «»o aroaw is 

19. A compound vascular prosthesis comprising a polymer or polymers as claimed in claim 1 

20. A compound vascular prosthesis comprising, a component selected from polyethylene terephthaiate 
poiyefher esters, porydimethyi Sftoxane polymers or copolymers, biodegradable poiyether estere»T» 
polymer or polymers as claimed In claim 1. m B 

21. A setectively biodegradable vascular prosthesis comprising an absorbable comDonent in th* w, 

t^K^Vti^B^^zpd^a,**?™** aTdamTedhctoT 

selectively biodegradable vascular prosthesis manufactured by texffle and non-textfle techniques 
comprising polymere as claimed in claim 1. scnrwjues, 

23. A wound or bum dressing comprising a polymer or polymers as claimed in claim 1 

^t^^f^ b * Kte 8 radabte ™** w *esstng comprising an absorbable component selected 
frorn biodegradable pcrfyetew «"nporwm selected 

2^A pharmaceutical composition comprising a self-supporting film, hofiow fiber, beads or oeL 
mamifectured from a potyurethane amide segmented copolymer or copolymers as cteimed in claim 1 and 
containing a unilormly dispersed drug contained therein. Wmla * 1 

28. A Dharmaceufical composition comprising a self-supporting film, hofiow fiber, beads or oaf 

^T^^J^T^J^l 889mented eOp0 ^ ner " c °P°^ me « as ctebned h ^ ^ 
and a drug grafted to the potyurethane amide backbone via a spacer selected among btodegradabte 
polymeric chains. *^ 
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